The environmental and economic merits of converting solar energy into electricity via photovoltaic cells have led to its enormous growth in this sector. Besides material and design parameters, there are many other factors which locally affect Photovoltaic cell like partial shading, humidity, dust, bird droppings, air velocity etc. However, the effect due to a single solar photo voltaic cell being connected to a serial or parallel network (to form a grid) has never been deliberated extensively. In this paper a system design that will detect the underperforming panel in the entire grid is proposed and validated. All the Photo voltaic panels in a grid are connected with current sensors, which are connected to microcontrollers and these microcontrollers are locally connected with the wireless sensor network. With the help of wireless sensor network, grid monitoring for individual panel has been achieved for the first time with proposed system. The grid and control room is also connected wirelessly which enables the engineer monitoring the grid to meticulously locate the individual solar photovoltaic cell which is underachieving and solve the issue pertaining the same. The proposed system design has been validated with the help of data obtained with Centre for Wind Energy Technology (CWET), Govt. of India.".
Introduction
Rapid fossil fuel consumption and the green house effect have prompted the world to devote considerable resources for the research and development [29] [40] ; of Solar Photo Voltaic (SPV) generation systems as solar energy is free, inconsumable and clean source of energy. The Solar energy received by the Earth is 15000 times more than the World's commercial energy consumption [18] . Developing countries like India is getting 5000 trillion kWh per year energy incident over its land area, with most parts of the country receiving 4e7 kWh per m 2 per day [32] . In most part of India, clear sunny day is experienced for 250e300 days a year [33] and the annual radiation varies with 1600e2200 kWh/m 2 [33] .
For remote electrical power supply, stand-alone photovoltaic systems are developed [7, 9] . Evolution of SPV array is leading to the design and installation of large sized PV plants. The structure of the SPV plant is governed by suitable parallel and series connections of the SPV cells [10, 17] , in this way it forms a grid connected photovoltaic systems [24] .
The panel monitoring and control is the most important part of such systems. Lot of research is going on improving the efficiency of SPV's and large amount of money is invested by various governments to achieve so [39] .
For any SPV, output characteristic depends on the environmental conditions. The output power is function of the temperature and the irradiance values of the site where panel is placed. This power varies as a result of any temperature and/or shining variations. However, performance analysis of this scheme in real conditions is generally a difficult task because several factors like ground clearance of SPV panels, soil (sandy, dusty, metallic rich etc.) condition of the surrounding area/soil particle size etc. are acting on it.
If any of the panel in the grid is not working then the entire grid's performance gets degraded and it is very difficult to locate A correction factor of 0.99 (for a 45 00 tilt angle) Dietz [11] NY, USA Glass samples 3 months At tilt angles between 0 00 and 50 00 , the reduction in solar radiation due to dirt was 5% Sayigh [43] Saudi Arabia Solar collectors 25 days Heat-collection reduction of 30% after 3 days without wiping Anagnostou and Forrestieri [6] Cleveland Kobayashi et al. [27] Tokyo, Japan PV module (glass) Laboratory experiments
Changing the aspect ratio of PV cell used for PV module results in degradation output of 80% or less with 3% of spot dirt on the module area.
Primarily ''dirt spot'' analysis; Some correspondence to the shape of the solar cell in the module. Also, studied cell circuit-configuration effects. Elminir et al. [14] Helwan, Cairo, Egypt PV cells and glass 7 months Decreases in PV output of about 17.4%/month Provides information as a function of tilt angle. Includes a chemical analysis of the dust. Kimber et al. [26] California and South-western USA PV system (grid-connected) 1 year ''Soiling'' study for utility-connected PV system. Efficiency and energy losses (typical 0.2% per day without rainfall)
Restorative nature of rainfall well documented. Various locations provided in these portions of USA. Ibrahim [21] Laboratory Tests and Kuwait Solar cells (large-area 10 cm*6 cm) 10 days Current losses of greater than 13% and voltage losses of greater 0.86% (5%e15% loss in peak power)
Also studied shadowing of cells that one panel which is actually affected. The solution to this problem could be a technology known for some years now named wireless sensor network. We can monitor and control the panel and increase its efficiency accordingly. The most important factor that hinders the Panel efficiency is the shading effect [17] . Partial shading is one of the main causes that reduce the energy yield of the SPV array.
In this paper we are reporting a real time solution for monitoring the temperature, humidity, voltage and current of SPV and its surrounding. The diagnostic feature within the SPV arrangement (Parallel or Series) to find which SPV is affected due to partial shading and lowering the overall output performance of the system [12] . The proposed system is low cost and the data is acquired using microcontrollers. Data transmission is done wirelessly to the master station for further analysis and interpretation.
Shading effect
Today, commercially available Si SPV panels have their cells connected in series. In order to avoid reverse voltage due to shadowing or other abnormalities, bypass diodes are connected in parallel with each set of 18 cells [5] , which forms the sub modules [38] . Furthermore, a SPV module comprises of number of sub modules in series [28] , and higher output voltage is obtained by connecting several modules in series of a SPV array. For higher power, these SPV arrays are connected in parallel. The partial shading of a photovoltaic array reduces its output power capability and has been shown experimentally by Cheng-D Sera et al. [48] . They connected two photovoltaic modules in series and in parallel under different illumination conditions. The illumination was uniform throughout the surface area of the panels. They presented the impact of shading on I-V and P-C curves of a SPV cell and explained the reduction in output power due to the partial shading effect.
Related work

Effect of dust on SPV cell performance
Dust deposition is a function of various environmental and weather conditions [44] . Dust settlement mainly relies on many factors like chemical properties, size, weight, shape, site specific factors, tilt angle, surface finish, humidity, wind speed etc. [23, 30] . As the wind speed increases, dust deposition will also increases. Dust deposition is also relative to the panel clearance from the ground [16] .
Throughout the period of solar research, studies have shown reduced performance of SPV under dust accumulation and related environmental factors. Based on the time dependent degradation, a correction factor or a guideline for cleaning frequency has been developed. Dust accumulation also occurs at varying rates in different parts of the world. Various types of research has been done to prove the dust accumulation effect and is been listed in Table 1 .
Effect of humidity on SPV cell performance
The effect of humidity can be seen in two aspects: first is the effect of water vapour on the irradiance level of sunlight and second is the humidity ingression on the SPV cell enclosure. When light ray hits a water droplets, it gets refracted, reflected or diffracted resulting in the reduction of reception level of the direct component of solar radiation. Humidity alters the irradiance level in a non linear manner causing variations in V oc and I sc , resulting in the drop of efficiency [19] . The effect of humidity on irradiance and irradiance on voltage and current are shown in Figs. 1 and 2 .
When SPV cells are exposed for longer time to humid conditions, due to the high content of water vapour in the air it causes encapsulant delamination [46] .
Proposed system for increasing efficiency.
The shading on panels is very important factor that will reduce the efficiency of SPV panels. If one panel undergoes failure the entire grid gets affected. Shading can be because of dust particles, humidity effect, temperature variation, buildings, trees etc. In this Fig. 1 . Variation of V oc and I sc with irradiance level [19] . section we will elaborate the block diagram of the structure, circuit and prototype model that was made for the 100 kWh SPV panels installed in the University of Petroleum & Energy Studies at the Dehradun-India Campus. Figs. 3 and 4 are the block diagram of the model for the proposed data acquisition system from a remote isolated site to the control room. The SPV system constitutes of a photovoltaic generator in combination with series and parallel connected SPV modules.
The measured parameters (e.g. temperature, humidity, current) are acquired on-site (transmitter side) and then wirelessly passed on the control room (receiver side).
Sensor interface and circuit description (schematics of nodes)
The prototype circuit is controlled by an AVR Series microcontroller. In the transmitter side, analog sensors like current, temperature and humidity are connected with PORT A (ADC Conversion Port) of AVR microcontroller as shown in Fig. 5 . Data collected from the above sensors are processed and transmitted wirelessly via ZigBee transceiver (IEEE 802.15.4) which is connected to R x and T x pins (USART PORT) of AVR Series microcontroller. In the receiver side values of current, temperature and humidity sensor will be received via ZigBee transceiver module shown in Fig. 6 .
The current sensor resolution is 10 mV/ C, whereas the ADC port has a V CC of 5 V with a resolution of 1024 levels. This comes around 0.0403 V/level (0.05 V/level approximately). Hence, the ADC value has to be divided by 2 to give correct value. The data is received serially at the transceiver (master node) end. The threshold value below which an SPV panel is considered faulty is decided by a considerable comparative drop in the successive current readings. The prototype designed and installed set up is shown in Fig. 7 . In the prototype model we have used Atmega 16 microcontroller but the algorithm used can be implemented in any microcontroller and processor. The reading with multi meter and microcontroller are slightly different showing an error with current sensor because of its fluctuating value. The value will be considerable. In the algorithm syntax is used to stop the fluctuation. Another option is to integrate ceramic capacitors with current sensor to stop the fluctuations. Fig. 8 shows the shading effect on the PV panels. The sending commands/values and receiving commands/values of sensors are displayed in the liquid crystal display.
Algorithm for node designing in wireless sensor network.
The above proposed system is designed using an algorithm written in AVR6 software. The firmware is then burned into the microcontroller using a cross compiler. In this section, the algorithm that was written for the solar panel grid is explained methodically Fig. 9 .
Algorithm for Slave nodes installed with panel Fig. 10 Algorithm for Master node installed in control Room
Results & discussions
The proposed system has been designed and evaluated with grid log of the in house (University of Petroleum and Energy Studies) 100 kWh SPV panels. In this paper we have shown the data measured on three different panels from the same grid for 2 days. From Table 2 and Figs. 11e13. The fashion of trend (from graph) verifies that the data is valid; also the minor offset which is coming is due to the connection/wiring losses. From Table 2 and Fig. 11 it's been clear that during August 1st, 2014 from 1328 h to 1630 h and beyond there is a sharp decline in current value of solar panel 2 and its battery current due to shading and solar panel 1and 3 are giving expected outputs. Same scenario is seen on August 2nd, 2014 during 1315 h due to shading only. The effect can also be seen in Fig. 2 of Battery current plot. The overall effect has been shown in Fig. 3, from where it can be verified that due to decline in the solar ampere rating there has been a decrease in battery ampere rating also. The readings obtained from the individual panels and transmitted wireless to control room. By creating the proposed network, individual panel monitoring is done and we can rectify the problem in the particular panel from the entire grid. The proposed systems is verified against the available Centre for Wind energy Technology (CWET) (2014) [1] online data, and also UPES is one of the nodal centre for CWET.
Owing to large size of the current grids, it is very difficult to monitor the individual panels. The proposed system will help in efficiently identifying the underperforming panels in a grid. Using a wireless sensor network in the proposed system comes with inherent advantages of reduced cost and less noise interference in comparison to a wired network. The propose system has been designed and installed in prototype model with 100 kWh of panel and data is recorded for thirty eight days. In this paper thirty eight days of data is mentioned and graphs have been plotted accordingly. The total time taken for complete processing for a batch of data sets is less than 10 ms approximately. IVOLT1 is the voltage of solar panels, IAMP1 is the current value of solar panel, BVOLTS is the battery voltage, BAMPS is the battery current and SAMP is the solar AMP. Shading effect comes in the solar panel when the ampere rating (SAMPS) of solar is less than 20 A. These values will be coming wirelessly from the slave nodes to the master node. 5 8  3 2  3 2  3 2  4  16:30  1-8-14  11.2  6  11.2  À130  À5  À130  32  33  32  5  19:00  1-8-14  31  29  30  28  26  26  31  33  33  6  7:00  2-8-14  5.1  5  6  À4  À5  À4  3 1  3 3  3 2  7  10:00  2-8-14  54  51  56  76  75  75  32  33  32  8  13:15  2-8-14  122  120  6  53  55  À4  3 4  3 4  3 2  9  16:22  2-8-14  65  63  61  24  22  21  33  33  33  10  19:05  2-8-14  17  18  16  42  43  44  32  33  33 Fig. 13 . Conclusive data analysis of Solar ampere versus Battery ampere w.r.t time.
